1, Introduction
Surface modification of poly(tetrafluoroethylene) (PTFE) has attracted a considerable attention from viewpoints of fundamental science and applied technology.
PTFE has a low surface free energy while it shows excellent thermal and chemical stabilities. Therefore, the chemical and physical inertness of PTFE makes the modification an extremely difficult process. So far a chemical treatment using a sodium naphthalenide solution [1], a radio frequency plasma process [2] , and electron/ion beam irradiation [3] have been employed for the modification of PTFE surface.
Recently, several investigations on surface modification of fluorocarbon polymers by laser processing have been reported [4] [5] [6] [7] [8] [9] . In a series of our investigations on excimer laser-induced surface reaction of polymer films, we found that the fluorocarbon polymer surfaces became hydrophilic upon the ArF excimer laser irradiation (X = 193 nm) under the atmosphere of hydrazine [4] [5] [6] [7] . In this reaction, the intermediates produced from the hydrazine photolysis attacked PTFE surface to form a chemically modified surface layer because PTFE having a negligibly small absorption at 193 nm was hardly activated upon ArF laser irradiation (Fig.1) .
Moreover, our modified PTFE film was applicable to area-selective metallization [6] . Then, this processing provides a fully-additive method for fabrication of printed wiring boards with PTFE substrates. On the other hand, in the view point of an improvement for our processing, a longer emission wavelength of lasers is suitable for reducing the cost of surface modification. However, the absorption of hydrazine is insufficient for the photolysis at a wavelength of UV region, so that a hydrazine derivative having a strong absorption in UV region should be employed for this purpose (Fig.2) .
In the present study, we wish to report an improvement for the surface modification of PTFE film by excimer laser processing. Phenylhydrazine was used for the photolysis by KrF excimer laser irradiation (A, = 248 nm).
KrF laser is suitable for reducing a production cost of the surface modification compared with ArF laser, because KrF laser has a higher efficiency of photon emission.
2, Experimental
The radiation apparatus used for the experiments was an KrF excimer laser with the diameter and 2 mm thick. Phenylhydrazine (Tokyo Kasei Kogyo Co. Ltd.) in deionized water was used after degassing. A reaction cell having a quartz window was filled with phenylhydrazine aqueous solution (0.06 wt%) at the room temperature (Fig. 3 ).
Since the distance between the sample and the window was 0.25 mm, ca. 40% of incident laser beam could reach onto the PTFE sample surface.
The laser-treated films were analyzed by water contact angle, X-ray photoelectron spectroscopy (XPS; Perkin Elmer, PHI5600ci) using monochromatic Al-Ka radiation, and secondary ionization mass spectroscopy (SIMS; PHI5600ci) using Xe+ at 4 keV as an ion source.
Results and Discussion
When the irradiation of KrF laser to a PTFE film was conducted at a fluence of 17 mJ•cm 2•pulse-1 with 10 Hz in a phenylhydrazine aqueous solution, the PTFE surface became hydrophilic.
Compared with water contact angle (CA) of 130° on PTFE before the irradiation, CA was changed gradually to 60° as increase in the number of laser shots up to 3000 pulses at 17 cmJ•cm-2•pulse-1 (Fig.4) . Since PTFE surface modification using hydrazine gas showed CA of 30° [6] , phenyl group as a hydrophobic moiety would be substituted onto the PTFE surface. Figure 5 shows XPS spectra of PTFE film before and after the laser treatment.
It is very clear that fluorine (F15) peak at 690 eV was drastically decrease, and that new peaks ascribed to nitrogen (N15, 405 eV) and oxygen (01s, 530 eV) appeared after the irradiation. Table 1 shows the atomic ratios of fluorine, nitrogen, oxygen, and carbon (C15, 285 eV) determined by XPS after the laser irradiation of PTFE at different fluences and pulses.
These results indicated that fluorine atoms were substituted by nitrogen and oxygen atoms on PTFE surface.
This substitution induced by photolysis of phenylhydrazine is clearly revealed by SIMS measurement.
Static SIMS spectra of PTFE for positive ions are shown in Fig. 6 . While the fragments due to Q + (mass number: 31), CF3 + (30) , and CnFm+ (n, m= 1-5) were observed in the spectrum before laser irradiation (Fig.  6(a) ), a characteristic spectrum of poly(hydrocarbons) like polyethylene was given from the sample after laser treatment, indicating that the modified surface retained a linear chain in the structure (Fig. 6(b) ) [10] .
Moreover, phenyl ion Ph+ (77) was clearly observed in Fig. 6(b) . This is an evidence of phenyl group immobilized on the laser treated PTFE surface.
On the other hand, negative SIMS spectra showed F' (19) and F2' (38) ions for a fresh PTFE film, CH' (13), 0' (16), OH-(17), C2' (24), C2H' (25), CN' (26), OF' (35) C3H' (37), C2H2O' (42), and C4H' (49) ions were detected from the treated PTFE film (Fig. 7) . From these surface analyses, our modification provided a linear hydrocarbon chain like a polyethylene structure having amino, hydroxy, and phenyl groups. J. Photopolym. Sci. Technol., Vo1.11, No.2, 1998 Since PTFE films having no significant absorption at 248 nm were not excited upon the irradiation with an KrF laser, only phenylhydrazine is photodissociated by the irradiation.
Although photochemistry of phenylhydrazine has not been investigated in detail, organic hydrazines are well known to undergo a photo-induced dispropartionation.
2 RNH-R'NH --> RN=NR' + RNH2 + R'NH2 (eq.l) •H + F2CR"R" -> HF + •CFR"R"
(R", R" : polymer chain) (eq.3)
Carbon radicals formed on a polymer chain could immobilize the intermediates produced from the phenylhydrazine photolysis. In addition, it is worth noting that •H radical also produces
•OH radical through an exothermic reaction with water.
•H + H2O ---~
•OH + H2 (eq.4) XPS and negative SIMS spectra of PTFE after the laser treatment indicate the substitution of hydroxy group onto the PTFE surface. In our experiment, amino and hydroxy groups as hydrophilic sites for the modification were produced in the photolysis of phenylhydrazine aqueous solution. 
